Abstract: This paper presents a study on the establishment of a finite Quantum complex scalar field theory using the Operator Valued Distribution (OPVD) formalism and considering Gaussian-like functions as test functions. As shown by Epstein and Glaser, the OPVD formalism permits to obtain a non-standard regularization scheme which leads to a divergences-free quantum field theory. We show, through this paper, with the example of a scalar quantum electrodynamics theory, that Gaussian-like functions may be used as test functions in this approach. The content of the work begins with a short recall about the OPVD formalism indimensions. Then, we study successively the case in which the test functions are chosen as Gaussian functions and the case in which they are chosen to be Harmonic Hermite-Gaussian functions. We calculate the corresponding vacuum fluctuation, Feynman propagators and perform a study on loop convergence with the example of the tadpole diagram. It is established that this approach permits to deal with divergences. It introduces additional factor which can be exploited to ensure the convergence.
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1-Introduction
Divergences are inevitable when calculating S-matrix in classical version of Quantum Field Theory [1] [2] [3] . Many approaches were considered to deal with this problem. Some of the wellknown among them are the standard renormalization techniques like those based on the dimensional regularization and Cut-Off method [1] [2] 4] . Another one that we consider in this work is the Operator Valued Distribution approach (OPVD) developed by Epstein and Glaser [5] . This approach is based on the mathematical theory of distribution.
Let us consider the case of a complex scalar field defined in a -dimensional pseudoeuclidian space with signature 1, 1 . In the framework of OPVD formalism, it is considered as the quantity 〈 , 〉 1.1 in which:
is an Operator Valued Distribution [5] [6] [7] [8] [9] : it is at the same time a quantum operator (acting on a Fock Space) and a distribution acting on a set of test functions. is a test function is a translation operator defined by the relations 〈 , 〉 〈 , 〉
Using the formalism described in [7] , it can be established that an explicit expression of is (in natural unit : 
in which _ B F is a Hermite polynomial of degree N @ . And the N @ satisfies the relation
Then, for the case N 0, we have explicitly
It is the function 9 in (1.10) that we call Gaussian-like function through this paper.
Gaussian-like function as test function
In this section, we consider the case in which the test function is a Gaussian-like function (1.11).
For sake of simplicity we may choose O @ 0. This approach is suggested by the fact that Gaussian functions, which is well known as characterizing the normal probability distribution, appear in the modeling of many natural phenomena.
Following the relation (1.1), the expression of the quantum complex scalar field is
the expression of the function 0 9 being given by the relation (1.11).
Let us calculate the vacuum fluctuation corresponding to the field and show that it leads to a finite result. 
2.1.Calculation of vacuum fluctuation
2.7
This result differs from the classical one by the presence of the regularizing factor 2 0 9 & ' , $4 : .
Calculation of Feynman propagator
The Feynman propagator Δ can be defined by the relation 
General Harmonic Hermite-Gaussian functions as test functions
Instead of the particular Gaussian functions (2.11), we can also use as test functions the more general Harmonic Hermite-Gaussian functions defined in the relation (1.6). 
3.4
The difference between the expressions (2.1), (2.14), (2.20), (2.21) and (3.1), (3.2), (3.3), (3.4) is the presence of the polynomials J B in these latters ones. According to the relations (1.9), this polynomial is equal to a product of Hermit polynomials in the case of uncorrelated variables.
Application to one loop scalar Quantum Electrodynamics diagram
Calculation in the framework of standard formulation
We may apply the above results for the calculation of more complicated entities considered in the scalar field theory. Let us, for instance, perform the calculation corresponding to the tadpole diagram which appear in the calculation of photon propagator in scalar QED [1] An examination of this expression permits to deduce that a quadratic and logarithmic divergence arise from the integration with the variable ‖• " ‖. In the standard formulation, one deals with this divergence using well-known regularization and renormalization techniques [1, 2] .
Calculation in the framework of OPVD formulation using Gaussian-like functions
Let us now consider the calculation in the framework of our approach. We may consider for instance the case in which the test function are the Gaussian functions. In this case, the Feynman propagator in momentum space is given by the relation (2.21). The integral (3.6) becomes in this case:
r€ @T Following the interpretation in the references [11] [12] [13] , the parameter √E is the common value of the uncertainty (statistical standard deviation) on the values of the energy • 9 and the components • • -1,2,3 of the spatial momentum of the particle corresponding to the tadpole. As this particle may have a very large energy, we have ; ≪ √E so we may suppose we obtain as expected a finite result.
Conclusions
The above results show that Gaussian-like functions may be used as test function in OPVD formulation of a Quantum Field Theory. The approach permits to deals with divergence problems. The expression of the complex scalar field in the framework of this approach is given by the relation (2.1) or more generally (3.1). These expressions satisfy the Klein-Gordon equation. The approach has permitted us to calculate and establish new expressions of vacuum fluctuation and Feynman propagator which contain Gaussian-like regularizing factor. It permits also to obtain a finite result for the amplitude corresponding to the one loop tadpole diagram.
The Gaussian-like functions that we have considered have some particular mathematical and physical properties which may make this approach interesting. If we look for instance at the expression (3.13), we can remark that the amplitude is related to the common value E of the ground dispersion (statistical variance) of the energy and components of spatial momentum. This result relates explicitly the existence of loop in the photon propagator of scalar QED to the Heisenberg uncertainty relation. Extending the approach to other cases may lead to more interesting results.
